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© Method for Inducing damage to wafers. 

@ A method of inducing damage for getterlng to 
the rear surface of a stogie crystal silicon wafer 
(70) comprises polishing the rear surface, which 
can provide a good gettering effect to the wafer 
(70) and can also depress dusting character- 
istics of the rear surface of the wafer (70). The 
method comprises tha steps of: moving the 
wafer (70) and en abrasive cloth (6) relatively, 
and supplying an abrasive liquid (9) having a pH 
In tha range of 4 to 9 which contains elllca 
particles having an average dtemater In the 
range of 0,1 to 10 \nn as abrasive grains, be- 
tween the wafer (TO) and the abrasive doth (8). 
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T*e present Invention relates to a method for inducing daihage for gettering to a single crystal silicon wafer 
(herein after, ft may be simply referred to a wafer) which can provide a good gartering effect to the wafer and 
can also depress dusting characterfetfca of the rear surface of the wafer. 

rh a process farfebri eating aernlconductor devices, a wafer is subjected to venous heat-treatments during 
s which various kinds of crystal defects are introduced by oxygen, carbon, heavy metal impurities, end the like, 
which exist in the crystal. Because these defects arc generated also on the wafer surface region and in the 
vicinity thereof, such defects cause larger leakage currents and towering the manufacturing yfeld of devices 
and degrade device operation. 

However, crystal mlcrodefect or damage have a f unctton which captures to fix Impurities exerting adverse 
10 effect on the device operation or which captures point defects or the like which relate to defect occurrence, 
therein. This function ia called getterfng. The former is called extrinsic gartering (hereinafter, referred to EG)j 
and the latter is called intrinsic gettaring (henemaf tor, referred to IG). 

A method in which damage is rnechanteafly Induced on the rear surface of the wafer by hig>preeaure jets 
Of SlO* particles or the like, and distortion, e.g., stacking faults, dislocations or the like which are generated 
15 during heat treatments, is used as a gettering source; or another method In which a ooly-crystalllne silicon 
layer or a SigN, layer is deposited on the rear surface of a wafer, and distortion, e.g., stacking faults or dislo- 
cations which are generated on the boundary between the deposited layer and the wafer to be a substrate, 
distortion which is generated on grain boundaries in a polyCrystaJ of the deposited layer, or the like, are used 
as a gettering source; are known as a method for providing the EG to the wafer. 
» The gettering effect becomes larger as the magnitude of the formed distortion is larger. Amethod for meas- 
uring surface density of surface defect {hereinafter, referred to surface defect density), e.g., thermal oxidation 
stacking faults or dislocations which can be observed by carrying out a thermal oxidation treatment of the wafer 
at a temperature of about 1100°C and thereafter carrying out a chemical selective etching (Secco-atehlng), Is 
known a© a method for evaluating the magnitude of the formed distortion. 
25 According to the method in which damage is mechanically Induced on the rear surface of the wafer by high 
pressure Jets of SS0 2 particles or the like, the limit of surface defect density which can be generated is not 
much exceeding 10* cnr 2 . and there is a problem of much dusting from the portion on which me damage was 
Induced. According to the method fn which a poly crystalline silicon layer or a SfelsU layer is deposited on the 
roar surface of a wafer, there is a problem of high costs required. 
30 According to this Invention, a method of inducing damage for gettering to the rear surface of a single crystal 
silicon wafer by polishing the rear surface, comprises the steps of; 

moving the wafer and an abrasive cloth relative to one another, and 

supplying an abrasive liquid having a pH in the range of 4 to 9 which contains silica particles having an 
average diameter in the range of 0.1 to 10 urn as abrasive grains, between the wafer and the abrasive doth. 
55 This method of Inducing damage for gettering to a single crystal silicon wafer, can stably generate surface 
defects hlgherthan that of a conventional method, which Is useful for gettering contamination with heavy met- 
a Is during a process for fabricating semiconductor devices, and can depress dusting characteristics of the rear 
surface of the wafer. Such a method enables stable generation of surface defects having a high density of 
approximately up to 107 cnr * 

40 Preferably the abrasive cloth is attached to a rotary plate, wherein the rotary plate Is rotated and wherein 

the wafer Is rotated on the abrasive cloth. 

The lower limit of the average diameter of silica particles la 0.1 urn, more preferably 0.6 um. When the 

average diameter Is less than 0.1 urn, it is hardly to fnduce damage on the rear surface of the wafer. The upper 

limit of the average diameter of silica particles is 10 um, preferably 4.0 un\ more preferably 1.0 ,im. When the 
45 enrage diameter la more than 10 urn, scratches or cracks other than the damager layer are apt to be formed 

during processing. 

The lower limft of the pH value of the abrasive liquid Is 4. preferably 6. more preferably 7. When the pH 
value is less than4, silica particles dispersed in the aqueous liquid flocculate, The upperllmit of the pH value 
of the abrasive liquid is 9. When the pH value Is more than 9. formation of the damaged layer by polishing Is 
prevented because a chemical etching simultaneously functions on the rear surface of the wafer during pol- 
ishing. 

Preferably, the abrasive liquid comprises water. The pH of the abrasive liquid may be adjusted by using a 
diluted hydrochforlc acid or an aqueous ammonia. 

The material for the abraarve doth ia not limited to a specific one. Polyurethane foams, polyesters non- 
woven fabrics or the like may be used. Preferably, polyurethane foams are used. 

A particular embodiment or a method in accordance with this Invention will now be described with reference 
to the accompanying drawings, in which:- 

RG. 1 is an elevatlonal view of an apparatus for carrying out the method according to an embodiment of 
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the present invention; 

^nJ^tf^ ^2 ch^cterlstfcs of the wafer on which an induction of damage according 

furt^of 21^!^^ * * ™ lh * »■ d ^ng characteristics* the rear 

wafer 70, to carry out an embodrmant according to the method of the present invention 
15 r FK ^' apparatus 1 comprises a rotary table assembly 2, a rotary wafer carrier 3, and an abrasive 
Iwd^ippjylng membar 4, The rotary tabfe assembly 2 comprises a rotary table 5 end an abrasive cloth 6 
adhered on the upper surface of the rotary table 5, The rotary table 5 can 

rotation speed by a driving device such as a motor. The abrasive cloth 6 comprises a poryurethane foam, a 
polyester, a nonwoven fabric or the like. The rotary wafer carrier 3 Is for holding to carry the wafer 70 on the 

a> abrasive cloth 6 of the rotary table assembly 2 so that the mar surface of the wafer 70 faces to the abrasive 
doth 6. The wafer carrier 3 can rotate on a shaft 8 at a predetermined rotation speed and horizontally move 
on the abrasive doth 6 by an appropriate driving device such as a motor. During operation of the apparatus 
1 , the wafer 70 held by the wafer carrier 3 Is In contact with the abrasive cloth 6 and proper loads L are applied 
to the wafer 70 fn a downward direction through theshaft 8 and the wafer carrier 3, TTte abrasive liquid suppfymg 

» member 4 is far supplying an abrasive liquid 9 on the abrasive doth 6 to supply it between the wafer 70 and 
the abrasive doth 8. The abrasive liquid 9 has en appropriate pH value and Includes water and abrasive grains 
having a desired average diameter. 
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Example 1: 



First three wafer samples having a diameter of about 150 mm and a crystal orientation of <100>; three 
kinds of abrasive liquids of pH 5.0 which Include abrasive grains having average diameters of 0.01 urn 0 15 
pm. and 4 urn, respectively, and water, wherein each average diameter was measured by direct observation 
method and each abrasive liquid contained 2 % by weight of silica particles: and an ahrasive clofh made of a 
55 pdyurethane foam; were prepared. 

After a wafer sample 70 was property set to the rotary wafer carrier 3 of the above described apparatus 
1 for Inducing damage shown In RG. 1, the rotary table assembly 2 and the wafer carrier 3 were rotated at 
preoeterrnmed speeds, supplying an abrasive liquid of pH 5.0 which include abrasive grains having average 
diameters of 0.01 urn, and thereby an induction of damage was carried out to the rear surface of the wafer 
sample. In this Example, the speed of revolution of the rotary table assembly 2 was about 1 60 rpm, the relative 
speed of the wafer 70 to the abrasive doth 6 was 100 m/mln, the pressure applied to the rear surface of the 
wafer 70 caused by the downward load L through the wafer carrier 3 was about 400 gfcm* and adjustment of 
fu H n? U °^ r abrafi,vo ^ M 9 W9 Performed by using a diluted hydrochloric acid, aqueous ammonia or 
the like. Consequently, a wafer having a damaged layer on the rear surfaces thereof was obtained 

Thereafter, by using the abrasive liquids of pH 5.0 including abrasive grains having average diameters of 
015 urn and 4 um, Inductions of damage were carried out to the rear surface of the two rest wafer samples 

2? h S! T dG t^ ed ap * mJtus 1 ' under »wn«imatory the same condition ae that of use of 
the abrash/e liquid including abrasive grams having average diameters of 0.01 urn. Consequently two wafar 
samples having damaged layers on the rear surfaces thereof were obtained. 

The surface densities of defect of the sample wafers on which three Kinds of Inductions of damaoe had 
been carried out were measured. The results are shown in Table 1 and FIG. 2. 
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TABLE 1 



5 



AVERAGE DIAMETER OF SILICA PARTICLES 


SURFACE DENCITY OF DEFECT 


0.01 urn 
o.5o nm 

3.50 fim 


l5x10*Cfn-2 
1.ax10Barr* 
2.1x107cm-2 



ro It ra known that a surface defect density of about 5 x 10* cnr* is enough to bring on substantial gettering 
effect, by another expefimentfbrflndjng the relations hip between surface defect density end gettering effects 
As shown In FIG. 2. it was found that when the pH of the abrasive liquid Is 5.0, substantial gettering effects 
could be expected by using silica particles having an average diameter in the range of 0.1-10 pm. Silica par- 
ticles having an average diameter not less than tO urn were not used in this Example because of the sfore- 

« mentioned reason. In FIG. 2. 0 Q indicates the range of average diameter of silica particles by which substantial 
gettering effects can be expected, and PMIN Indicates the minimum value of me surface defect density by 
which sti bstantla! gettering effects can be expected. 



Example* 

20 

First three wafer samples having a diameter of about 1 50 mm and a crystal orientation of <1 00>; three 
kinds of abrasive liquids of pH 5, 8, and 11 which incTude abrasive grains having an average diameter of 3.5 
jim. wherein each average diameter was measured by direct observation method and each abrasive liquid con- 
tained 2 % by weight of silica partfcies; and an abrasive doth made of a pdyurethane foam; were prepared. 

25 Inductions of damage were carried out to the 3 wafer samples by the above apparatus 1 end by using the above 
3 kinds of abrasive liquids and the abrasive cloth. In this Example, the speed of revolution of the rotary table 
assembly 2, the relative speed of the wafer 70 to the abrasive doth 0, the pressure applied to the rear surface 
of the wafer 70, and the adjustment manner of pH value for the abrasive liquid 9 were the same as those of 
Example 1 . Consequently, three wafer samples having damaged layers on the rear surfaces thereof were ob- 

30 tafnad. 

The surface defect densities of the sample wafers on which 3 kinds of Inductions of damage had been 
carried out were measured. The results ere shown in Table 2 and FIG. 3. 

As shown in FIG. 3, it was found that when the overage diameter of the silica particles contained in the 
abrasive liquid fs 3.5 urn, substantial gettering effects could be expected by using the abrasive liquid of a pH 
35 in the range of 4-9. In FIG. 3, pH 0 Indicates the range of pH of the abrasive liquid by which substantial gettering 
effects can be expected. 



TABLE 2 



40 


PH 


SURFACE DENSITY OF DEFECT 




4.3 


2.5x107 cm-* 




7.0 


2.1x10?cm-a 


45 


11.0 


2.Bx10ficnr* 



Example 3: 



w First, a wafer sample having a diameter of about 1 50 mm and a crystal orientation of <10Q>; an abrasive 
liquid of pH 8.0 which includes water and abrasive grains having an average diameter of 0.50 urn, wherein the 
average dlameterwas measured by direct observation method and the abrasive liquid contained 2 % by weight 
of silica particles; and an abrasive doth made of a polyurethane foam; were prepared. Induction of damage 
was carried out to the wafer sample by the above apparatus 1 and by using the above abrasive liquid of pH 

$s 6.0 and the abrasive doth made of a pdyuremene foam. In this Example, the speed of revolution of the rotary 
table assembly 2, me relative speed of the wafer 70 to the abrasive cloth 6, the pressure applied to the rear 
surface of the wafer 70. and the adjustment manner of pH value for the abrasive liquid 9 were the same as 
those of Example 1 . Consequently, a wafer sample having a rear surface which has a damaged layer and an 

4 
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extremely tow dusting charectertet fee, was obtained. 

k ^^T^^ ™ tiu ? l W**™<**M<x of the wafer surface, an apparatus 10 a* shown In RO. 5 
EvZS£^ 71 praCfl&50d accort[r * to the steps shown in FIG. 6. 

_ ^^^1^ rtet,C9 19 Ca ' Tied ^by^^ng partWes tisr^err^frcmthe rear surface 

5 of the sample wafer 70 to a pressed surface Of the reference wafer 71 by using a particle counter. 

InFI^^^ 

The apparatus comprises a suction member 1 1 for sucking the wafer to fbc thereon, and a pressing member 

21 tor pressing to adhere closely these wafers to each other. 

ro The suction member 11 comprises a suction board 13, a rectangular metal substrate 14 and o nozzle 15 
TTia suction board 13comprlsesa circular plate made of ceramics, glass, orarlgid plastics, which has a plurality 
of suction holes 12 penetrating the suction board from the upper surface to the lower surface, and is attached 
to an upper eurface of the Substrate 14, The nozzle 16 fa attached to the substrata 14. One and of the nozzle 
15 is communicated with the suction holes 12 and the other end is communicated with a vacuum oumD (not 

is shown) through a pipe. 

The pressing member 21 comprises a ractanguJ ar metal substrate 26. a ring-shaped body 27, a diaphragm 

22 gnd a wafer pressing plate 23 attached to the lower surface of the diaphragm. The rectangular metal sub- 
strate 26, the ring-shaped body 27, and the diaphragm 22 having the water pressing pJate 23 form a closed 
chamber 31 Inskfs these members, 

20 Th * diaphragm 22 Is a circular sheet made of a f (extols material. The wafer pressing plate 23 Is a circular 
plate made of ceramics or glass end is attached on the diaphragm 22 concentrically by using an adhesive, an 
attachment or the like. The periphery of the diaphragm 22 Is mounted to ths end portion of the rfng-shaped 
body 27 which is provided on the rectangular metal substrate 26. One end of a nozzle 32 le communicated 
with the closed chamber 3 1 and the other end is communicated with e compressor (not shown) through a pipe. 

*5 Rod-shaped or ring-shaped spacing members 41 are sandwiched between the suction member 11 and 
the pressing member 21. These members 11 and 21 are detechably mounted to the spacing members 41 by 
bolts 42. A reference wafer 71 and a sample wafer 70 are overlapped to each other and the overlapped wafers 
are sandwiched between the suction board 13 and trie wafer pressing plate 23. 

Material for conventional diaphragm valves can be used as a flexible material of the diaphragm 22. In par- 

30 ticular, It Is preferable to use a material of rubber system. Use of such a material enables pressing to adhere 
closely the reference and sample wafers to each other with a uniform pressure over the entirety of the pressed 
surfaces thereof. 

Next a summary of evaluation of the dusting characteristics by using the apparatus 10 shown In FIG. 5 
will be explained. Wafers obtained by the method of ths present Invention and conventional wafers are used 
w as the sample wafer 70, and mirror finished wafers obtained by a F2 method are used as the reference wafer 

Mirror polished surface of the reference wafer 71 priorto a pressurizing treatment are previously examined 
by using a particle counter LS-6000 which was manufactured by Hitachi Denshl Engineering Co, Ltd. There- 
after, a pressiirizlng treatment Is carried out to the examined wafers and evaluation of the dusting character- 
w tstica is carried out according to the steps shown in FIG. 6. 

In use of the apparatus shown In FIG. 5. first, the suction member 11 is removed from the apparatus body. 
A sample wafer 70 is placed on the upper surface of the suction board 1 3 so that the rear surface 60 of the 
wafer 70 to be evaluated faces the upper side, and la thereafter fbced to adhere to the suction board 13 by 
operating the vacuum pump. Next, a reference water 71 is laid on the sample wafer 70 so that the mlrrorf inished 
Surface 61 of the reference wafer 71 faces the rear surface 60 of the sample wafer 70. The suction member 
11 with the attached wafers 70 and 71 Is fixed to the apparatus body, as shown in FIG. 5. 

Thereafter, compressed air Is supplied Into the closed chamber 31 from the compressor, so that the mirror 
finished surface 81 of the reference wafer 71 is preseed to the rear eurface 60 of the sample wafer 70 at a 
pressure of 1 kgf/cm> and these wafers are closely adhered to each other, as ehown in FIG. 6. After supply of 
the compressed air Is stopped, the pressure te reduced by operating the vacuum pump so that the wafer press- 
ing ptate 23 separates apart from the reference wafer 71. Thereafter, the suction member 1 1 is removed from 
the apparatus body. The pressed mirror surface 61 of the obtained reference wafer 71 Is examined by uslnq 
the above-described particle counter LS-eom 

Evaluation of dusting characteristics of the rear surface of the sample wafer obtained by Example 3 and 
mat of the rear eurface of a conventional sand blast treated one were carried out by the apparatus shown In 
FIG. 5. Sample wafers and reference wafers were processed according to the above described steps shown 
in FIG. 6. Evaluation of the dusting characteristics was performed by measuring the number of foreign matters 
on the rear surfaces. * 
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The measured number of foreign matters for the conventional send blast treated one having a diameter 
ofl50 mm was about 6000, and the measured number for the damage induced wafer having a diameter of 
150 ir™ according to the present invention was about 205. The results are shown in FIG. 4. In the graph of 
RG, 4. the ordlnates indicate the number of foreign matters having a diameter not less than 0.1 0 urn on every 
s 64nch wafer. 

From the results of Example 3, It was ascertained that when induction of damage according to tha method 
of the present Invention was performed, the dusting characteristic* of the rear surface of the wafer thereof 
was extremely lower than that of the conventional sand blast treated one. 

Although the present Invention has been described in Ita preferred form with a certain degree of parties 
10 larfty, ft should also be understood that tha present Invention is not limited to the preferred embodiment and 
that various changes and mod rficaf Ions may be made to the invention. 

For example, fn the above embodiment, only an apparatus for Inducfog damage of a single wafer process- 
ing type is disclosed, however, the method according to the present Invention can be also applied to an appa- 
ratus for Inducing damage of the so-called batch processing type, i.e..ofa plurality of wafers processing type. 
1$ As described above, according to the present invention. It Is possible to stably generate surface defects 
having a density of approximately up to 10* cm* higher than that of conventional method, therefore to provide 
excellent flattering effects to a wafer, and to depress dusting characteristics of the rear surface of the wafer. 



20 Claims 

1. A method of Inducing damage for gettering to the rear aurface of a single cr yetal silicon wafer (70) by pol- 
ishing the rear surface, comprising the steps ot 

moving the wafer (70) and an abrasive cloth (fi) relative to one another, and 
2S supplying an abrasive liquid (4) having a pH in the range of 4 to 9 which contains silica particles 

having an average diameter In the range of 0.1 to 10 as abrasive grains, between the wafer (70) and 
the abrasive doth (6). 

2. A method according to daim 1, wherein the abrasive cloth (6) Is attached to a rotary plate (2), wherein 
w the rotary plate (2) Is rotated and wherein the wafer (70) is rotated on the abrasive cloth (B), 

3. A method according to claim 1 or 2, wherein the abrasive liquid (9) has a pH in the range of 8 to 9. 

4. A method according to any one of the preceding claims, wherein the abrasive liquid (9) has a pH In the 
35 . range of 7 to 9, 

5. A method according to any one of the preceding claims, wherein the abrasive liquid (9) comprises water. 

6. Amethod according to anyone of the preceding claims, wherein the pH of the abrasive liquid (9) is adjusted 
<o by using diluted hydrochloric acid or aqueous ammonia. 

7. A method according to any one of the preceding claims, wherein the silica particles have an average di- 
ameter In the range of 0.5 to 4.0 nm. 

45 a, A method according to any one cf the preceding claims, wherein the silica particles have an average di- 
ameter fn the range of 0,6 to 1.0 urn. 

9. A method according ro any one of the preceding claims, wherein tha abrasive cloth (6) comprises a poiv- 
urethane foam. 



A method according to any one of claims 1 to 9. wherein the abrasive cloth (6) fs a polyester fabric or a 
non-woven fabric 



55 



6 



PAGE 15/21 ' RCVD AT 1130/2008 10:53:34 AM (Eastern Standard Time] " SVR:USPTO-EFXRF-6/43 * DN1S:2738300 * CS1D:908 429 3650 * DURATION (mm-ss):0244 



01/31/2008 11:08 



908-429-3650 



CLARIANT 



PAGE 



EP0684 638 A2 



FIG. 1 
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FIG. 2 
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fig. 3 
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FIG. 4 
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